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Abstract

During last year’s AIRSAR Pacific Rim Deployment, data WLYC COllcctlxl  ova’

Angkor  in Cambodia. The [cmplcs  of Angkor  dote the city to the 9t])- 1311] century AD, bu[
little is known of its prehistoric habitation. A rclatwl arcu of archacologica]  debate has been
the Oligin,  Sph%Uil]  KMMtlitlg  iilld usc of the hydraulic  constructions in lhc ul”ban zone. ~%c
high resolution, multi-channel capability of AI RSAR, togclhcr with the unprcccdcntc(lly
accurate topography pmvidccl  by TOPSAR, oll’cr  identification and delineation of these
features. In this paper, wc pmscnt  rcsLilts  from our analysis of the AI RSARII’OPSAR data
obtained over Angkor.  Some questions posed before the llighls  have been answmccl.  The
ability to view the landscape in the mu]liplc modes made possible by AIRSAR has also
gcncratcd  new hypotheses on the dcvclopmcn(  of Angkor. The potential to radically
improve existing maps will assist archaeological invcstigalion,  and also inform tourism and
agricultural development plans for the wgion.

1. INTRODLJCTION

Angkor,  meaning ‘city’, is locti[cd  near the present town of Sicm Reap in norlhcrn
Cambodia, South of Angkor and Sicm Ikmp is the Tonic Sap Iakc, onc of tbc natural
wonders of Southeast Asia. The Tonic Sap serves as a relief valve for [hc h4ckong River
during the May-Oclobcr  monsoon season, when it doubles in area. This seasonal
inundation brings an abundance of fish, (I]c mtiin  protein in the local diet. The rcccding
floodwaters arc captured by dikes norlh of tlw lalwshorc, supp]ying  a reliable soLlrcc to
begin the year’s wet rice cultivation. The Tonic Sop is a striking fctiturc  of the Sicm Reap
floodplain, and a major fac[or in scttlcmcni  of the region. It, along with centrally controlled
irrigation and Hindu cosmology have been USCCI  m explain the urban phenomenon wc call
Angkor.  However, it was water to north of [hc city that was exploited and contmllcd  by
the water management structures of Angkor. I“hc manmade alterations included circular
and rwtilincar moats, canals, rcc[angular  ttinks, and dikes used in various wtiys as above
ground catchmcnt  devices. These lic low on LIw flat la-rain,  stretching across the landscape,
in contrast to the tall tcnlplc-mo~]l]t:iil]s  built to house the 1 lindu deities.

The rivers and streams used to crcatc Angkor  had been known by many generations of
villagers, scttlcmen~s whose occupation did no[ cease when lhc firs[ Hindu Lcmplc  was built
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(Moore, 1998). The tradition thtil  ]lowcrcd at Angkor incorporohxl Khmer and Indic
concepts in the sacredness and usc of water, the architecture and the religion. Just as (heir
hydraulic alterations spread out on the land, the Khmer cicfinc a horimntal  dichotomy
bctwccn village and forest. Animistic  belief also exists within a horizontal naturd-
supcrnalural  world structure, the spirit$ living on the same Icvcl  as humans. once again,
this horizontality cmmasts  ihc verticality of Indic cosmology in ils tripartite division of the
world into the heavens, the world of man, and the underworld (Ang Choulcan,  1998).

The mctilincar  features of Angkor arc very striking in all forms of imagery of the
area taken from above, including S1 R-C data. l’hc batwys, Iargc artificial basins laid out
inside dikes above ground  Icvcl, arc pwlicularly  notable, ihe Iargcst stretching 8 kilometers
cast-west (see the map in Figure 1). There is the network of fccdcr  canals and moats, and
of course, the rtmaining temples, such as the renowned Angkor Wat, set within a 200
meter wide moat. It is clear from dccadcs of investigations by archaeologists, (SCC, for
example, Groslicr, 1979) that the Khmcrs contmllcd wutcr on a Iargc scale; they not only
built moats and reservoirs, but diverted and ctmaliml  rivers.

Prior to acquiring the AI RSAIVTOPSAR dtitti,  duta from SIR-C had been used to
study the Angkor  site. One of the authors had studied the site using WorlLI War 11 British
and post-war French aerial photographs (Moore, 1989). Others have used SPOT data and
JERS- 1 data to attempt a b~ttcr  u~~&rstanding  of
on scvcrd  questions raised by earlier work:

1.

2.

3.

4.

‘5. .

6.

Arc thclc some unique features of the kul
Angkor  on the Sictn Reap floodplain?

Angkor. ‘1’hc present study WWS focused

topography which explain dw siting of

AIRSAR dar~ was acquired over very sparsely settled areas of northcm Cambodia,
close to the Thai border. This wca is not covcrcd by British or French aerial
photographs, 1 :50,(K){)  tnaps, or French temple inventories. How far to the nordlwcst
of Angkor  can man-made alterations bc SCCII’!

HOW far north does the distribution of circular mounds, sLIch M hvca, cxtcnd~~

1s there cvidcncc for vestigial cwthwmks at circular sites nordlwcst  of Angkor  linking
them morphologically to known prehistoric mounds in Nmlhcast  Thailand?

Can water control features bc accuratcl Y idcntificxl  and scparakxl  from na(ural
dminage  features?

.

Can existing distribution maps of temple or }~wr

In this paper, the first rcsulls  of our analysis
Angkor  arc prcscntcd.

sites bc updated tind improved upon?

of the AI RSAR/TOPSAR  data OVCI’
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Figure 1: The city of Angkor  and its surroundings, showing the lar.gc, rcctangLllar  barays
and Lovca to the West

2. THE DATA

The NASA/JPL TOPSAR ins[rumcnt  Ilown on hwwd a DC-8 aircraft can bc used to
generate  very accurate high resolution topogrtiphic maps and imagery. This is cspcciall y
important for areas such as Angkor  where relief on a very small height scale (a few tens of
mclcrs), can control the flow of water over lurgc areas of ground. Radar intcrfcrmnetry
should work very well in such mm, allowing small-scale height variations to be mapped
with high accuracy. The Angkor region d;iti]  were collcc[cd  during (IIC 1996 PacRim
Deployment and processed to ground  pixel postings of 5 and 10 meters. The height
accuracy for the Angkor  elevation data varies bctwccn 0.5 to 2m depending on whcm the
elevation is measured. Previous maps of the arco have contours at only 5-10 m intervals.
The TOPSAR instrument also mcasuws C-Bwld backscat[cr  and this is used to produce
corresponding images to the elevation data.

Slightly inundated old paddies with rice stubhlc  tend to appear as bright or whi[c regions in
the C-band (6 cm) radar imagery, while wind-roughened water or low growing vegetation
may appear as smooth gray arcos. Twc canopies appear as rougher grtiy areas, which can
be identified using tcxtuw mcasLIrcs. Roads or calm wakx which arc smooth surfiiccs
appear black in the rwlar images bccausc only a small amount of energy is rctumcd to the
radar.

As has been noted in studies ccmductcd  in other was, L-Iland radar data responds to
medium-]cvc] vegetation, such as crops and shrubs  ]1 is Lv+ua]ly  possible  to scparalc trcc-
covcrcd areas from areas with medium or low vegetation ccwcr  at L-Band, but not to
separate different biomass levels  in mature forests.
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Tree-trunks and Iargcr twanchcs tend [o show up W C]] at P-band (68 cm). P-Band  radar
backscaticr  data has good sensitivity to woody  biomass  up to 400 tons pcr hcctam,
according to (e.g. Ix Toan ct al, 1992). P-band data was not available from NASA’s earlier
SIR-C missions (1994) because SIR-C had just C, L and X-btind  radars. Vestigial
earthworks around some of the circular mounds  northwest of Anglmr show up WCII at P-
band duc to sparse woody vegetation, pcrlutps the trLInks of lrccs. Two circular sites,
Phum Pongro  and Phum Romict,  display remnant txtr[hworks  at P-BtitKI when the H1 IVV
ratio dcscribcd  below is placed in a three image composite, along  with 1>1111 and PVV.

The P-band data is fully polarimctric  and one way [O display this da~a is as a composite of
thmc images rcpwsenting  dii’fcrcnt pokwix.ittions  or polarization combinations. Each image
or channel is assigned onc of three colors (red, bluc and green). Comparison of L-Ban(l
and P-Band has allowed us to diffcrcntiatc  current from disusul  areas of rice cultivation.
Combined with the C-Band return, wc thus have the potential to generate a map of present
and past cultivation practice in the Anglmr region.

The mtio bctwccn the HH and VV backscatlcr bclps to distinguish bctwccn moist vcrsLIs
drier areas, an example of which is distinguishil]g  wbut ~pp~ilr  to bc old moots from drier
earthworks. Another way to displtiy the P-Band (tind L- Lltind)  polarimctric  data is as pbasc
diffcrcncc or correlation coct’licicnts bctwccn  the poluri~ation channels, which @KIs to help
in separating scattering bchtivior such as returns from Uoublc-bounce rcllcctions  and LI1OSC
from rough surftaccs  of vcgc[ation canopies. IL is also possib]c  to cslimatc  the contributions
from different scattcting  mechanisms, for example as discussed in (Freeman and Durdcn,
1992). The scattering mechanisms have been uscfLll  in a preliminary study examining both
circular prchistmic  and rectilinear historic features at Angkor  (Moore and Freeman 1998).

Figure 2 shows three of the images gcnctatcd  during (Iw deployment. I’hcy arc a C-13and
VV image, an L-Band total power image and a P-Band total power imogc (total power bcrc
refers to the sum of the backscat[cr  from all four polarimtions,  111 I, IIV, VH and VV). Thc
site imaged is one that has been studied ]rom awial photographs and in situ by onc of us
(Moore, 1989), and which lies West of the city of Angkor. On the left side the image
contains a large rectangular moat and a rectangular tank below it, next to an old Khmer road
which runs from across tlm image from top to bottom. l’his is dw site of [hc Kbmcr temple
of Bantcay  Sras, dated around 12(N A.D.

On the right-hand side of the image is a roughly circular vil]agc, with a circular car[hwork
around it. This site is known as Lovca, which was cs[ablisbcd  in prc-Khn~cr  times,
probably before  500 A.D. Ground survey at LOWM, and tlmc other circular mounds to the
north has brought to light a unique configuration of spirit posts not found at other Khmer
villages. A single post, or group of five, is planted at the mound’s ccntcr. The post or posts
arc non-anthropomorphic, and seem to rcprcscnt  notions of the cadl as a living spirit, for
they arc distinct from shrines to tbc territorial spirits of the vi I Iagc, the ne~A I(1 (Ang
Choulcan, 1997).
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Figure 2: C-Band  VV (top), L-Band Total Power (middle) tind P-Bwd  Total Power
(bottom) AIRSAR images of Bantcay Sras and Lovca, which lic -20 km N?rth-
West of Angkor. Bantcay  Srab ( 12tl] C.) is tbc pair of rcctilinc:]l’  Khmer-built
features visible on tbc left, L,ovca  (prc-500 A. D.) is tbc circular scttlcmcnt  visible
O n  the rigbl
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As discussed above, the diffcrcnccs  bctwccn these [hrcc images can primarily bc attributed
to the ditlcring  rxlw back.scatter VCMUS  wavelength in cad case. In dw C-BUMI image,
some rice paddies appear white, some open water areas appear dark, bLIt the remainder of
[hc image is a fairly uniform gray lCVC1. At L-13and, diffcmnt  Icvcls of vcgcta~ion  give rise
to some valiation  amongst the fields, and the tree-covcrcd areas tend to stanci  out. At P-
Band, only the areas with tree or shrub cover appcw bright.

Figure  3 shows onc rcprc.scntation of the topographic data provided hy TOPSAR
which wc have found useful. It is a shaded relief map gcncratcd  by simulating the
illumination of the topographic dord from a gi vcn d ircct ion. Elevated feature.s within the
sccnc tend to stand out very WCII in these shade relief maps. Fm. cxatnplc,  the dikes used to
construct the moat around Bantcay  Sras arc clearly visihlc, as arc the raised walls of the
water storage tank, the raised mound at Lovca, and the raised circular earthwork around it.
The elevated road can also bc sum clearly on the original. Just nordl,  i.e. to the right, of the
road is a small temple marking the west edge of a lMIW.Y south of Lovca (not visi blc on this
image). This feature is also visible in the P-Band  image.

Figure  3: Shaded Relief image from TOPSAR data of Bantcay Sras and l.,ovca,  which lic
-2(1 km North-West of Angkor.  Bantcay Srtih ( 12th C.) is the pair of rectilinear
Khmer-built features visible on the lctl, Lovca (prc-500 A. D.) is the circulor
sclllcmcnt  visible on the right

Since TOPSAR is a C-Band inslrumcnt,  it is cxpcctcd  that for relatively dense
vcgctaticm canopies, the heights mcasurwl cm-respond to somcwhcm  CIOSC m the top of the
canopy. This means that the largest factor in the relief seen in Figure 3 is probably the trees
which populate the clcvatcd roads and o[hcr earthworks, i.e. the nwasurcmcnts  cm-respond
to the tops of the twcs, or C1OSC to thcm. This may cousc a problcm in interpretation of the
topographic data. Thus far, in our study of the data, wc have found that trees in the flood
plain of the Tonic Sap, arc only Iocatcd  on rtiiscd  corthworks,  or on n:l(lll”ti]ly  clcvatcd
mounds (of which there arc few). We spcculatc  tlmt this is duc to the prcscncc of at least a
meter or so of relatively dry soil, at-mvc  the 10CO1 w~tcr table, in which the trees can
establish their root systems.

Given the accumcy of the height maps gcncratcd  by TOPSAR (().5 to 2m), wc can
begin to see natural drainage fcatums which are depressions on] y a meter or so deep over a
kilometer wide extent. Wc can also scc clearly the earthworks LIscd to construct the large
Barays  at Angkor,  and other, Icss-well-mapped earthworks. The thematic images gcncratcd
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by overlaying C-, L- and P-Band backscattcr images in color allow bcttw separation of
field boundaries, and idcntifica[ion  of tree-covcrcd areas, for cxatnplc.

One result that can bc shown clcwly in gray-scale images is the possible discovery
of a tctnplc or Wat, located to the North of Angkor, which does not appear on existing
maps of the area. This is shown in Figure 4. The temple, a nearby tank for water storage,
and the surrounding earthworks, clearly show up on the shaded relief and P-13and images,
and to a lesser extent on the L-Band image. It is diflicult  to scc the same features in the C-
Band image.

Figure  4: C-Band VV (top left), L-Band Total Power (top right), P-Band Total Power
(bottom left) and shaded rc]icf (bottom right) AIRSAR images of a temple or
Wat located NNW of Angkor. Temple is not nmrkcd  on existing maps of the
area.
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‘3. . ANGKOR  I N  T1lE 10tl] CENTURJ’ Al)

3.1. The Old Khmer Road
A 30 meter wide earthen dike strctchcs  for more than 10 kilmnctcrs,  covering the dis[ancc

hctwccn the 9111 and 1 oth century AD capitals of Allgkor. The mad begins on the
nor{hwcst  corner of an abovcground  reservoir, the lndrat ataka baray (3200” x 750

meters), and ends in the 10-13th century urlxm xonc.
Both the road and the bcir(i~  can bc

seen in the map in Figure  1. The Indratataka  is located near the modern town ol ROIUOS,
the late 9111 century city of Hariharaltiya. “Mc bflmy is the earliest known structure of this

type. Three lmray were built in the following ccnturics:
the cad y 1 (M century Fast 13aray

(7120 x 17(K) m), the n~id-12tl~  century West Baray  (8000  x 2100n~), and t~c late 12th
century Nmlh Baray (3400X80 {)IN). Although varying in si~,c,

all arc approximately four

times longer than they arc wide.

Figure 5. SIR-C image of the Angkor  plain showing some of the places mcnlioncd  in the

text. 1. IndratWlka  Baray, Hariharaltiya, ROIUOS; 2. Lolci;  3. ROIUOS River; 4.  ~,lst
7  1111110111  l]akhcng;  ~. Angkor  Wat; ~. WCS1

Baray;  5. North Bamy;  6. Bam Pcnh Reach; .
Baray; 10. Puok Valley

As it links the old and ncw ccntcrs of power, the Old Khmer Road is reasonably dated to

the late 9th century. When looked at in the context of the topography, the mad appears to
have played a stmtcgic role in this move, as a transport, water management and
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agricultural construction. Both the S1 R-C and Al RSAR cover lWVC been USC(UI  in relating
the Old Road to other dikes, the East Baruy, and in hypo[hcscs  about the 1 (hh century
hydrology of Angkor.

Contemporary inscriptions confirm that King Yasovarman  I crcckxl  tcmp]cs at both the old
and ncw capitals, and was also responsible for dw construction of [hc East Baray. }Ic thus
marked control  of the tmitory  anti the. river at ROILICM,  whik cxkmding  his tiomain [o the
northwest with the Old Road, the temples ond the East Baray  tit Angkor.

On 1:50,000” maps, d~c Old Road dots go ‘uphill’, but marginally, from about 11 meters
at the cmmcr  of the Indratataka to 19 meters around the 10(h ccn(ury temple of I%asat
Kravan.  Some authors tcnninatc  the dilw at Phnom Bakhcng,  a 99m hill at the ccntcr  of
the ncw capita]. Olhcrs cxlcnd  it northwest m mccl an cast-west mad inlo lhc Royal
Palace, a “triumphal way” (Jacques 1997:78).  l’hc dike is dcscribcd as a road, with no
rcfcrcncc to water capture (Grosl icr 1979: 174).

A definitive answer has been difficult to resolve as clear cvidcncc  for whether the dike
stops at, or just past the road going from the west cntranuc of Anglmr Wat and curving to
the northeast, past Prasat Kravan. As this road CMCS to the car]y 20th ccnmry Frcncb
period, it is presumed that the Old Rowl originally continued into ccntml Anglmr. There is
some cvidcncc on the radar topography and the PtpLtpCvv  image that the road turned
west, perhaps curving around a rectangular feature.

3 . 2  Paleohydrology
Before the l(kh c. construction of the East Baray  to the north, there were presumably
many streams through the Krawm area. The radilr  topography and polarimctric  images
suggest that the Old Khmer Road may htivc cut across and diverted old courses of the
Sicm Reap River. I%c images reveal several possible water channc]s in the Kravan area.
The river courses appear to lutvc wc]l-defined V-shaped channels too wide to bc man-
made. Engineers would make usc of the natural features of the terrain whcrcvcl”  they
could, so they may have been subsequently u[ilizcd as canals.

The cvidcncc from the radar topogmphy  suggests these llowcd  llOtlh-SOLlh. Tk Roluos
River flows norlh-south,  as dots the Stung Sicm Reap nord~ of the East Raray. However,
this pmlion  of the Stung Sicm Reap is di vcrkxl by J barrage at Bam Pcnh Reach, 10 km

north of the East Baray. 1 This is a pondcd  z,onc,  perhaps indica[ivc of former river
courses. Traditionally a single original course of the Sicm Reap is postuIutcd,  llowing
NE-SW to the Puok valley.

An E-W dike begins lkm south of the Angkor  Wat moat, extending 1() km. Six km from
the northwest comer of the lndratataka,  the Old Khmer Road crosses this dike, bisecting a
90-dcgrcc  angle made by a 3km N-S dike. These features show WCII in both the DEM and
RGB images from the polarimctric  dtita. ‘1’hc gcncral]y straight course of the E-W dike
twists lwicc, once when it crosses the S[Lmg Sicm Reap, and again WhLYL~  k Old Khmer
Road crosses. There was possibly an unlinishcd  batwy south of the East Flaray; the 1 okm
E-W dike, in its eastern portions, would have formed its south dike (Groslicr 1979: 184).
Thus water management has commonly been linluxl to this dike but not the Old Khmer
Road (Garami & Kcrlai 1993:33).

The old Khrncr Road wtis not only a processional wuy, however. By diverting, or having
the power to divert, the other large river in the area, the Sicm Reap, the king did not
abandon access and control of the city of }lariharNaya  at ROIL1OS in the establishment of
Yasodharapum  at Ailgkor. Hc instead established hegemony over a SCCOMI  river systcm
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and cultivation mm In this cons[mc[ion  progrtim, the Etist  Btiray may post-date the Old
Khmer Road, or the two features may bc W) integrated conslruution.

3.3. Ancient cultivation
The L-band gmcn cm the radar RGB images reveal some cvidcncc  O( former cultivation in
areas which arc now abandoned, in the Krawm ama soLIthcast  of Angkor.  I.ooking  at the
P- and C-Band (red and blue, rcspcc[ivcl  y), Ihc left-hand poriion  (southern) of the image
appears to be mostly dead ground, a fc w rice padd ics (which appear bright blue), but
mostly abandoned. Adding the L-Band (green) reveals a patchwork of vcgctiition.  These
may be abandoned fields.

This suggests a larger temple zone than the inmwdiutc temple cnclosurc.  The lack of
temples in this area is notable. Prasat Krav~n,  with an inscription of 921 AD, coincides
with the reigns of two of Yasovammn I’s sons. It is also the dtitc  when Jayavarman  IV
establishes the new capital to the Norlh, at Koh Kcr (Clink Gargyar). It is not until the
reign of Rajcndmvarman  (944-68), that the ccntcr of power is returned m Angkor.  During
the Koh Kcr interregnum, Kmvan may have not only consccrfitcd but dcfcndcd the
northwest end of the dike, part of a water control system for the rice ficl ds ‘downhill’.
The waler would reach the ilclds  via the N-S watercourses.

Figure  6: Kravan awa composilc  of P-Band, L-Bwld, C-Band. The abandoned fields
south of the E-W dike arc L-Band. The Old Khmer Roxl is seen where it crosses the other
dike. Prasat Kravan and the French colonial road arc also visib]c.

3.4 ‘Moat’ of the Ioth century city
Features associated with the 10th ccntLu-y  move of the capital from Harihwillaya to A[lgkor
inc]udc temples and water managcmcnl  slruclurcs. The king built his slate temple on the
99m hill of Phnom IIakhcng,  surrounding the foot of the hill with a moat (6S() x 436
meters). He built a shrine co[illllcl~lol.titi[lg  his ancestors on an island in the middle of LI}C



11

earlier barfly  at Roluos,  called Lolci (W3AD). I lC construc[cd  lhc Easl Baray (Moore
1977[forthcoming]).  Thc3(J()-l~~ widcotltcr  l~~(~:~t ofl~iscity, Yasodll:lr:tpllr:t,  iscslimatcd
to have been a 4-km square. If correct, it would have been both the first and the largest
city al Angkor.

2 Only the south and west sectors of the moat arc visible today. There is
no cvidcncc  for the moat on the ctist side, and some authors suggcs[  [hot the ou[cr parallel
dike was not constructed until the 11 tb century when the existing dilw bccamc pall of the
cast wall of the West Baray (Jacc]ucs  1997:78).

Figure 7. The moat around Phnom Bakhcng,  sum as a shaded relief image on the left and
as a CVV amplitude image on the right.

Given the cpigraphic  cvidcncc  linking Yasovarman to tbc Lolci and Bakhcng,  it has
always been prcsutncd  that lhc dike coming off the JIorlhwcsl corner of the l[ld~al:U:lka
was his work. The radar topography has promplcd investigation of the mnc uavcrscd by
the Old Khmer Road, the palcohydrology,  and its function as a water control dcvicc in
ancient cultivation of an area which today has li(llc  hobi(alion  or paddy fields.

5. SUMMARY AND D1SCUSS1ON

Rcccnt research has lcd to uncxpcctcd  (liscovcrics  and innovative interpretations of
Angkor. We have been able to identify and assess natural and manmade water management
features, and to image existing as WC]] as unmapped temples. The radar imaging has
pmvidcd  insight into the way in which the ancient Khmer both exploited and over-rode tbc
slope of the floodplain the cnginccring  of dams, canals, and barays. It has gcncriatcd
hypotheses on the prcscncc  of prc-Angkorcan  river courses in what was to bccomc Angkor
in the 9th - 13th century All. Wc have been able to vcri f y the prcscncc of mound sites and
alteration of the terrain fm to the northwest of Angkor (10 some 15 kilometers south of the
Thai border). Different hydrological z,oncs  have been defined, helping to explain apparent
occupational shifts in relation to the early mound sites in (I1c Puok valley northwest of
Angkor, the 9[h century AD capital of I]ariharalaya  soulhcast  of Angkor,  and the
succession of ritual ccnicrs at Anglmr from the 1 [M-13th century AD.
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Synthetic apcllurc  radar (SAR) ol’t’crs  a ncw tool for the mapping of Angkor.  This
observation tool does not stand in isoltition  from optical imaging. It dots, however,
provide a unique perspective of immcn.sc  al[crtition  of the terrain, pallicularly  in the
hydrology of the low-sloping floodplain, offers an cxccllcnt  test GUSC for the JPL/NASA
AIRSAR instrument. The data from the 1996 airborne AIRSAR platform has
complemented data gathered from the spticcbornc  SIR-C/X-SAR carried on the Space
Shuttle Endcavour.  The correction and expansion of previous maps has been possible
through the spatial (5- 1(1 meters) and clcvational (().5-2 meters) rcso] u[ion of i magcs
processed from the AIRSAR data. Data was acquired at dift’crcnt radar frcqucncics  (68cn~,
24cm, 6cm), with multiple polariy.ations  (horizontal and vcr[ical  c(~l~lllil~ati(~~~s).  Ilc
TOPSAR instrument has allowed us to begin the mapping of Angkor  in an unprcccdcntcd
manner, interpreting its unique position on the floodplain. l’hc projcc[ addrc.sscs undcdying
aims of reconstructing the prehistoric ]andscupc of the Sicm Reap plain and the role of
hydrological alternation in the urban evolution of Angkor.
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—

1 The Bam Pcnh Reach divcmion  is some 10 kilometers nord~  of the East Bflrtiy,  and is
often dated to the 11th century reign of Ri~jcIld[”avtiI.It~:lrl.  1[s artificial nature is reinforced by
a contour litlc cm 1 :50,()()() maps, some ~ ki!mnclcrs  norlh of the East Bamy, which  CLI(S

directly across the strcambcd.

The present course of the Sicm Reap through Angkor,  however, is oflcn placed only in lhc
16th centLwy.  The break in the dike running from the norlhwcst C(MIKX of the East Raray  to
the northeast comer of the moat around  Angkor Them is also dated to tbc 16th century,
with the possibility that there wm already an opening which was cnlwgcd.

The Spcan Thma bridge, with 14 spans each onc meter high and 2.5 meters wide, is on the
cast side of Angkor  Them. 1(s construction indicates that the t-ivcr  once was 5 meters higher
than at present.

A futlhct’  theory is that the prcscnl cou rsc, bet wax Angkor  Them and the East Bamy has
always been the river COLU% This is countcwd  by lhc argumcnl  thtit  central Angkor  is a
high point of a tcrntcc and never woLJld  have cm-ricd a riverbed (SCC Garami and
Kcttai.1  993: 26).

Both Barn Pcnh Reach and Phum Khlat were idcntilicd  by onc of the authors as possible
prehistoric sites in the ZEMP inventory (SCC  Moore, E. 1993. Ancient Habitation on the
.~oti, rcpotl for UNESCO Zoning and ~;[~vi[”ot~[~~cll[:~l  hkmagcmcnt  Plan for
Angkor).

2 The moat is thought to have been at least 3 meters deep, and would have held some 15
million cubic feet of water. If, as presumed, the meal was fcd from the East Baray, the
atnount  of water in the hamy would hove bum considwah]y  reduced. onc hypolhc.sis is that
the moat water was drained via a canal visibl~:  at Ihc southwest angle of (Iw Rakhcng  moat.
(Garami & Kcruai 1993:36)


